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ART-UNIT: 1645 

PRIMARY -EXAMINER : Graser; Jennifer E. 



ABSTRACT: 

Protective high molecular weight (HMW) proteins are produced recombinantly by 
expression from E. coli by using a promoter effective in E. coli and a nucleic acid 
molecule which contains a modified operon of a non-typeable strain of Haemophilus. 
The modified operon contains the portion only of the A region which encodes the 
mature HMW protein and the complete B and C regions of the operon. Enhanced levels of 
expression of the HMW proteins can be achieved by including the E. coli cer gene, a 
further copy of the portion of the A region of the operon encoding the mature protein 
or both in the expression vector. Nucleotide and deduced amino acid sequences of the 
hmwl and hmw2 genes and HMW1 and HMW2 proteins, respectively of several non-typeable 
Haemophilus influenzae strain have been identified. 

21 Claims, 236 Drawing figures 
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CLAIMS : 



What we claim is : 

1. A nucleic acid molecule comprising a promoter functional in E coli and 
operatively coupled to a modified operon of a non-typeable strain of Haemophilus 

; f ^i Rising a modified gene A, a B gene and a C gene and which encodes 
a high molecular weight (HMW) protein, wherein the modified A gene of the operon 

S?Si n ?«2Sf y 3 T Clei f se * uence which codea for a mature high molecular 

weight (HMW) protein of the non-typeable strain of Haemophilus influenzae and 

protein Segment ° f the A gene which encode s the leader sequence for the HMW 

2. The nucleic acid molecule of claim 1 wherein said promoter is the T7 
promoter. 

3 The nucleic acid molecule of claim 1 wherein said operon encodes the high 
influeizae^ 1 protein 1 (HMW1 > of th * non-typeable strain of Haemophilus 

4. The nucleic acid molecule of claim 1 wherein said a non-typeable strain of 
Haemophilus is selected from the group consisting of strains 12, Joyc, K21, PMH1 
and 15 of non-typeable Haemophilus influenzae. 

5 The nucleic acid molecule of claim 1 wherein said operon encodes the high 
molecular weight protein 2 (HMW2) of the non-typeable of Haemophilus influenzae. 

6. The nucleic acid molecule of claim 5 wherein the non-typeable strain of 
Haemophilus is selected from the group consisting of strains 12, Joyc, K21 
LCDC2 , PMH1 and 15 of non-typeable Haemophilus influenzae. 

^ The / UClei ° aci * ntolecule of claim 1 wherein said nucleic acid sequence which 
codes for a mature high molecular weight protein has a nucleic acid sequence 
selected from those having SEQ ID NOS : 27, and 31. 



8. 



The nucleic acid molecule of claim 1 wherein said nucleic acid sequence which 
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codes for a mature high molecular weight protein encodes a HMW1 or HMW2 protein 
having an amino acid* sequence selected from those having SEQ ID NOS : 28, and 32. 

9. The nucleic acid molecule of claim I further comprising a further copy of the 
nucleic acid sequence encoding the mature high molecular weight protein of a 
non-typeable strain of Haemophilus influenzae. 

10. The nucleic acid molecule of claim 1 further comprising the cer gene of E. 
coll. 

11. The nucleic acid molecule of claim 1 further comprising the cer gene of E 
coli and a further copy of the nucleic acid sequence encoding the mature high 
molecular weight protein of a non-typeable strain of Haemophilus influenzae. 

12. An isolated and purified nucleic acid molecule encoding a high molecular 
weight (HMW) protein of a non-typeable strain of Haemophilus influenzae 
consisting of: (a) a DNA sequence selected from the group consisting of SEQ ID 
NOS: 25 , 27, 29, and 31; or (b) a DNA sequence encoding a high molecular weight 
protein having an amino acid sequence selected from the group consisting of SEQ 
ID NOS : 26, 28, 30, and 32 . * W 

13. A vector for transformation of a host cell comprising the nucleic acid 
molecule of claim 1. 

14. The vector of claim 13 which is a plasmid vector. 

15. The vector of claim 14 wherein said plasmid which is selected from crrouD 
consisting of: at* 



DS- 


-1046- 


-1-1 


(ATCC No. 


: 203263) , 


JB- 


-2507- 


-7 


(ATCC No. 


: 203262) , 


BK- 


-86-1- 


1 


(ATCC No. 


: 203258) , 


BK- 


•35-4 




(ATCC NO . : 


: 203259) , 


BK- 


-76-1- 


1 


(ATCC No . : 


i 203261) , 


DS- 


2334- 


5 


(ATCC No . : 


203260) , and 


DS- 


2400- 


13 


(ATCC No. : 


203257) . 



16. A strain of E. coli transformed by an expression vector of claim 14 and 
of P HaeS hi9h m ° leCUlar W6ight P rotein of a non-typeable strain 

17. A method of the production of a protective high molecular weight protein of 
a non-typeable strain of Haemophilus influenzae, which comprises: transforming 
E. coli with a vector as claimed in claim 14, growing E. coli to express the 
encoded mature high molecular weight (HMW) protein, B, protein and C protein and 
isolating and purifying the expressed HMW protein. 

18. The method of claim 17 wherein said non-typeable strain of Haemophilus is 
selected from the group consisting of strains 12, Joyc, K21, LCDC2 , PMH1 and 15 
of non-typeable Haemophilus. 

19. The method of claim 17 wherein the high molecular weight protein is an HMW1 
protein of the non-typeable strain of Haemophilus. 
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20 The method of claim 17 wherein the high molecular weight protein is an HMW2 
protein of the non-tjpeable strain of Haemophilus. 

21. The method of claim 17 wherein said isolation and purification procedure 
includes separating the HMWA protein from the B and c proteins . 
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ART-UNIT : 1645 

PRIMARY -EXAMINER: Graser; Jennifer E. 



ABSTRACT : 

A multi- component immunogenic composition confers protection on an immunized host 
against infection caused by Haemophilus influenzae. Such composition comprises at 
least three different antigens of Haemophilus influenzae, two of which are adhesins. 
High molecular weight (HMW) proteins and Haemophilus influenzae adhesin (Hia) 
proteins of non-typeable Haemophilus influenzae comprise the adhesin components while 
the other antigen is a non-proteolytic analog of Hin47 protein. Each component does 
not impair the immunogenicity of the others. The Haemophilus vaccine may be combined 
with DTP component vaccines, which may contain inactivated poliovirus, including type 
1, type 2 and/or type 3, and/or a conjugate of a capsular polysaccharide of 
Haemophilus influenzae and tetanus or diphtheria toxoid, including PRP-T, to provide 
a multi -valent component vaccine without impairment of the immunogenic properties of 
the other antigens. 

20 Claims, 28 Drawing figures 
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CLAIMS : 

What we claim is: 

1. An immunogenic composition for conferring protection in a host against 
disease caused by Haemophilus influenzae, which comprises: 

(a) an isolated and purified analog of Haemophilus influenzee Hin47 protein 
having a decreased protease activity which is less than about 10% of natural 
Hm47 protein, 

(b) an isolated and purified Haemophilus influenzae adhesin (Hia) protein of a 
non-typeable strain of Haemophilus influenzae, and 

(c) an isolated and purified high molecular weight (HMW) protein of a 
non-typeable strain of Haemophilus influenzae. 

2. The composition of claim 1 wherein said Hin47, Hia and HMW proteins are 
present in amounts which do not impair the individual immunogenic i ties of the 
proteins. 

3. The composition of claim 2 wherein said analog of Hin47 protein is one in 
which at least one amino acid of the natural Hin47 protein contributing to 
protease activity has been deleted or replaced by a different amino acid and 
which has substantially the same immunogenic properties as natural Hin47 
protein. 

4. The composition of claim 3 wherein said at least one amino acid is selected 
from the group consisting of amino acids 91, 121 and 195 to 201 of natural Hin47 
protein. 

5. The composition of claim 4 wherein Serine-197 is replaced by alanine. 

6. The composition of claim 4 wherein Histidine-91 is replaced by alanine 
lysine or arginine. 
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7. The composition of claim 6 wherein Histidine-91 is replaced alanine. 

8. The composition of claim 4 wherein Asp- 121 is replaced by alanine. 

9. The composition of claim 2 wherein said Hia protein is produced 
recombinant ly. 

10. The composition of claim 9 wherein said recombinantly-produced Hia protein 
is an N-terminal truncation to position 37 and having a valine at position 38 
(V38 rHia) . 

11. The composition of claim 2 wherein said HMW protein is an HMW1 or HMW2 
protein of a non-typeable strain of Haemophilus influenzae. 

12. The composition of claim 11 wherein the HMW1 and HMW 2 proteins are produced 
recombinantly . 

13. The composition of claim 11 wherein said HMW1 and HMW 2 proteins are isolated 
from the respective strain of non-typeable Haemophilus influenzae and possess 
respective molecular weights as set forth in the following Table: 



Molecular Weight (kDa) non-typeable H. influenzae Strain 
11 JoyC K21 LCDC2 PMH1 15 
Mature HMW1 125 125.9 104.4 114.0 102.4 103.5 

Protein: HMW 2 120 100.9 111.7 103.9 121.9. 



14. The composition of claim 1 further comprising an adjuvant. 

15. The composition of claim 14 wherein said adjuvant is aluminum hydroxide or 
aluminum phosphate. 

16. The composition of claim 1 comprising 

(a) about 25 to about 100 .mu.g of the Hin47 protein analog, and 

(b) about 25 to about 100 .mu.g of the Hia protein, and 

(c) about 25 to about 100 .mu.g of the HMW protein. 

17. The composition of claim 1 further comprising at least one additional 
antigenic component for conferring protection against infection caused by 
another pathogen. 

18. The composition of claim 1 wherein said at least one additional antigenic 
component is selected from the group consisting of diphtheria toxoid, tetanus 
toxoid, pertussis antigens, non-virulent poliovirus and PRP-T. 

19. The composition of claim 18 wherein said pertussis antigens are selected 
from the group consisting of pertussis toxoid, filamentous hemagglutinin, 
pertactin and agglutinogens. 

20. A method of immunizing a host against disease caused by infection with 
Haemophilus influenzae, including otitis media, which comprises administering to 
the host an immunoef f ective amount of a composition as claimed in claim 1. 
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ART-UNIT: 1645 

PRIMARY- EXAMINER: Graser; Jennifer E . 



ABSTRACT : 

A multi-valent immunogenic composition confers protection on an immunized host 
against infection caused by both Haemophilus influenzae and Moraxella catarrhalis. 
Such composition comprises at least four antigens comprising at least one antigen 
from Haemophilus influenzae, and at least one antigen from Moraxella catarrhalis. 
Three of the antigens are adhesins. High molecular weight (HMW) proteins and 
Haemophilus influenzae adhesin (Hia) proteins of non-typeable Haemophilus and a 200 
kDa outer membrane protein of Moraxella catarrhalis comprise the adhesin components 
while the other antigen is a non-proteolytic analog of Hin47 protein. Each component 
does not impair the immunogenicity of the others. The multi-valent immunogenic 
composition may be combined with DTP component vaccines, which may also include 
non-virulent poliovirus and PRP-T, to provide a component vaccine without impairment 
of the immunogenic properties of the other antigens. \ 

22 Claims, 28 Drawing figures 
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CLAIMS : 



What we claim is: 



1. A multi-valent immunogenic composition for conferring protection in a host 
against disease caused by both Haemophilus influenzae and Moraxella catarrhalis, 
which comprises: 

(a) an isolated and purified analog of Haemophilus influenzae Hin47 protein 
having a decreased protease activity which is less than about 10% of natural 
Hin47 protein, 

(b) an isolated and purified Haemophilus influenzae adhesin (Hia) protein of a 
non-typeable strain of Haemophilus influenzae, 

(c) an isolated and purified high molecular weight (HMW) protein of a 
non-typeable strain of Haemophilus influenzae, and 

(d) an isolated and purified outer membrane protein of Moraxella catarrhalis 
having an apparent molecular mass of about 200 kDa, as determined by SDS-PAGE. 

2. The composition of claim 1 wherein said Hin47, Hia, HMW and 200 kDa proteins 
are present in amounts which do not impair the individual immunogenic i ties of 
the proteins. 

3. The composition of claim 2 wherein said analog of Hin47 protein is one in 
which at least one amino acid of the natural Hin47 protein contributing to 
protease activity has been deleted or replaced by a different amino acid and 
which has substantially the same immunogenic properties as natural Hin47 
protein. 

4. The composition of claim 3 wherein said at least one amino acid is selected 
from the group consisting of amino acids 91, 121 and 195 to 201 of natural Hin47 
protein. 
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5. The composition of claim 4 wherein Serine-197 is replaced by alanine. 

6. The composition of claim 4 wherein Histidine-91 is replaced by alanine, 
lysine or arginine. 

7. The composition of claim 6 wherein Histidine-91 is replaced alanine. 

8. The composition of claim 4 wherein Asp- 121 is replaced by alanine. 

9. The composition of claim 2 wherein said Hia protein is produced 
recombinantly . 

10. The composition of claim 9 wherein said recombinantly-produced Hia protein 
is an N- terminal truncation to position 37 and having a valine at position 3 8 
(V38 rHia) . 

11. The composition of claim 2 wherein said HMW protein is an HMW1 or HMW2 
protein of a non-typeable strain of Haemophilus influenzae. 

12. The composition of claim 11 wherein the HMW1 and HMW 2 proteins are produced 
recombinantly. 

13. The composition of claim 12 wherein said HMW1 and HMW 2 proteins are isolated 
from the respective strain of non-typeable Haemophilus influenzae and possess 
respective molecular weights as set forth in the following Table: 



Molecular Weight non-typeable H. influenzae Strain 

(kDa) 12 JoyC K21 LCDC2 PMH1 15 

Mature HMW1 125 125.9 104.4 114.0 102.4 103.5 

Protein: HMW2 120 100.9 111.7 103.9 121.9. 



14. The composition of claim 2 wherein said 200 kDa protein is produced 
recombinantly. 

15. The composition of claim 14 wherein recombinantly-produced 200 kDa protein 
is an N-terminal truncation V56 r200 kDa. 

16. The composition of claim 1 further comprising an adjuvant. 

17. The composition of claim 16 wherein said adjuvant is aluminum hydroxide or 
aluminum phosphate. 

18. The composition of claim 1 comprising 

(a) about 25 to about 100 .mu.g of the Hin47 protein analog, and 

(b) about 25 to about 100 .mu.g of the Hia protein, 

(c) about 25 to about 100 .mu.g of the HMW protein, and 

(d) about 25 to about 100 .mu.g of the 2 00 kDa protein. 

19. The composition of claim 1 further comprising at least one additional 
antigenic component for conferring protection against infection caused by 
another pathogen. 
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20. The composition of claim 1 wherein said at least one additional antigenic 
component is selected from the group consisting of diphtheria toxoid, tetanus 
toxoid, pertussis antigens, non-virulent poliovirus and PRP-T. 

21. The composition of claim 20 wherein said pertussis antigens are selected 
from the group consisting of pertussis toxoid, filamentous hemagglutinin, 
pertactin and agglutinogens . 

22. A method of immunizing a host against disease caused by infection with both 
Haemophilus influenzae and Moraxella catarrhalis, including otitis media, which 
comprises administering to the host an immunoef f ective amount of a composition 
as claimed in claim 1. 
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What we claim is: 

1. A vaccine against diseased caused by non-typeable Haemophilus influenza, 
including otitis media, sinusitis and bronchitis, which comprises a mixture of 
(1) HMW1 encoded by the DNA sequence shown in FIG. 1 (SEQ ID No:l), having the 
derived amino acid sequence of FIG. 2 (SEQ ID No: 2) and having an apparent 
molecular weight of 125 kDa and (2) HMW2 encoded by the DNA sequence shown in 
FIG. 3 (SEQ ID No:3), having the derived amino acid sequence of FIG. 4 (SEQ ID 
No: 4) and having an apparent molecular weight of 120 kDa, and a physiological 
carrier for said mixture. 



CLAIMS : 
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ABSTRACT: 

High molecular weight surface proteins of non-typeable Haemophilus influenzae which 
exhibit immunogenic properties and genes encoding the same are described. 
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Specifically, genes coding for two immunodominant high molecular weight proteins, 
HMW1 and HMW2 , have been cloned, expressed and sequenced, while genes coding for high 
molecular proteins HMW3 and HMW4 have been cloned, expressed and partially sequenced. 

1 Claims, 68 Drawing figures 
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CLAIMS : 



What we claim is : 



1. A vaccine against disease caused by non-typeable Haemophilus influenzae, 
including otitis media, sinusitis and bronchitis, comprising an effective amount 
of a high molecular weight protein of non-typeable Haemophilus influenzae which 
is protein HMW1 a^dTo^ HMW2 and a physiological carrier therefor. 

2. The vaccine of claim 1 wherein said protein is HMW1 encoded by the DNA 
sequence shown in FIG. 1 (SEQ ID NO:l), having the derived amino acid sequence 
of FIG. 2 (SEQ ID ID NO: 2) and having an apparent molecular weight of 125 kDa 



The vaccine of claim 1 wherein said protein is HMW2 encoding by the DNA 
/ sequence shown in FIG. 3 SEQ ID NO: 3), having the derived amino acid sequence of 
/ FIG. 4 SEQ ID NO: 4) and having an apparent molecular weight of 120 kDa. 
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ABSTRACT: 

High molecular weight surface proteins of non-typeable Haemophilus influenzae which 
exhibit immunogenic properties and genes encoding the same are described. 
Specifically, genes coding for two immunodominant high molecular weight proteins, 
HMW1 and HMW2 , have been cloned, expressed and sequenced, while genes coding for high 
molecular proteins HMW3 and HMW4 have been cloned, expressed and partially sequenced. 



3 Claims, 68 Drawing figures 



Record Display Form 



http://westbrs:M02^ 



WEST 



□ [ Generate Collection \ Print 



Ll: Entry 12 of 15 File: USPT Mar 2, 1999 

US-PAT-NO: 5876733 

DOCUMENT -IDENTIFIER: US 5876733 A 

TITLE: High molecular weight surface proteins of non-typeable haemophilus 
DATE-ISSUED: March 2, 1999 
INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Barenkamp; Stephen J. Webster Grove MO 

US -CL- CURRENT: 424 / 256.1 ; 424 / 185. 1 , 424 / 193.1 , 424 / 197.11 , 530/350, 536/23.1, 
536 / 23.7 

CLAIMS: 



What I claim is: 

1. A conjugate comprising an isolated and purified high molecular weight protein 
of non-typeable Haemophilus influenzae which is selected from the group 
consisting of HMW1 encoded by the DNA sequence shown in FIG. 1 (SEQ ID no: 1) 
having the amino acid sequence shown in FIG. 2 (SEQ ID no: 2) and having an 
apparent molecular weight of 125 kDa and HMW2 encoded by the DNA sequence shown 
in FIG. 3 (SEQ ID no : 3) having the derived amino acid sequence of FIG. 4 (SEQ 
ID n: 4) and having an apparent molecular weight of 12 0 kDa linked to an 
antigen, hapten or polysacharide for eliciting an immune response to said 
antigen, hapten or polysaccharide. 

2. The conjugate as claimed in claim 1 wherein said polysaccharide is a 
protective polysaccharide against Haemophilus influenzae type b. 
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ABSTRACT : 

High molecular weight surfaces proteins of non-typeable Haemophilus influenzae which 
exhibit immunogenic properties and genes encoding the same are described. 
Specifically, genes coding for two immunodominant high molecular weight proteins, 
HMW1 and HMW 2 , have been cloned, expressed and sequenced, while genes coding for high 
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What I claim is: 

1. A method for the production of an isolated and purified high molecular weight 
protein of non-typeable Haemophilus which is HMW1, encoded by a DNA sequence 
having the nucleic acid sequence recited in SEQ ID No: 1 and having an apparent 
molecular weight of about 125 kDa, which comprises: 

assembling an expression vector containing the nucleic acid sequence recited in 
SEQ ID No: 1 which encodes the high molecular weight protein, HMW1, and a 
promoter operatively coupled to said nucleic acid sequence of SEQ ID No: 1 

transforming a host cell with the expression vector, 

expressing the HMW1 protein in the host cell, and 

isolating and purifying the expressed HMW1 protein. 

2 . The method of claim 1 wherein said HMW1 protein has the amino acid sequence 
as set forth in SEQ ID NO:2. 
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What I claim is: 

1. An isolated and purified gene which encodes a high molecular weight protein 
having the amino acid sequence of SEQ ID: 2. 

2. The gene of claim 1 having the DNA sequence of SEQ ID: 1. 

3. The isolated and purified gene cluster of a non-typeable Haemophilus strain 
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ABSTRACT : 

High molecular weight surface proteins of non-typeable Haemophilus influenzae which 
exhibit immunogenic properties and genes encoding the same are described. 
Specifically, genes coding for two immunodominant high molecular weight proteins, 
HMW1 and HMW2 , have been cloned, expressed and sequenced, while genes coding for high 
molecular proteins HKW3 and HMW4 have been cloned, expressed and partially sequenced. 
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What I claim is: 

1. An isolated and purified gene which encodes a high molecular weight protein 
having the amino acid sequence of SEQ ID NO: 4. 

2. The gene of claim 1 having the DNA sequence of SEQ ID NO: 3. 

3. An isolated and purified gene cluster of a non-typeable Haemophilus strain 
comprising the sequence of SEQ ID No: 6. 
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